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THE fact that very extensive damage to  corn crops throughout Northern 
and Central Europe may be the work of the frit-fly has been recognisea 
for the past century and a half, the first record being published by 
Linne in 1750, but in the British Isles i t  is in only comparatively recent 
years that public attention has been directed to  the losses caused by 
these depredations, though in many parts of the country the crops 
(especially of oats) are always liable to  be attacked, and in some years 
the damage done is enormous. 
A very large amount of literature on the subject has been published, 
chiefly continental. and much of it appears in periodicals or reports 
of only a limited circulation. In  the following pages an attempt is-made 
to collate all the more important facts concerning the frit-fly contained 
in such of this literature as has been accessible, with a view to arriving 
a t  some idea of what has been discovered up to the present time of t.he 
life history, and methods of combating the attacks, of this destructive 
little insect. Much of the information contained in Russian publications 
has been extracted from The Review qf Applied Entomology. 
On the Continent two species, of Oscinis (0. f r i t  and 0. pusilla) are 
considered to  be responsible for frit-fly attacks, but as the 0. pzssdla 
Meig. which several economic entomologists have professed to  recognise 
is certainly not the form or species described by Meigen under that 
name, and as most authorities of the present day on Diptera consider 
0. f r i t  to  be a species exhibiting very considerable variation in the colour 
of its legs and in its size, reference to  any such varieties (including 
0. pusilln) are incorporated in the present summary. 
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DISTRIRUTION. 
Frit-fly damage has been recorded from Norway, Sweden, Denmark, 
Finland, practically all Russia, Bulgaria, Austria, Germany, Holland, 
France, and the British Isles; while attacks by the larvae of Oscinids on 
cereal crops (though the species of Oscinis attacking are supposed to 
be different) have been recorded from Canada (Criddle, 1916) and 
Minneeota, U.S.A. (Washburn, 1905). 
DISTRIBUTION I  ENGLAND AND WALES. 
Roughly speaking, the species is very troublesome in the whole of 
the south of England from Cornwall t o  Rent, in the Eastern Counties 
(except in the Fen District), and up through the counties between Wales 
and the Midlands to Lancashire and Yorkshire, with a few records 
from Northumberland. It appears to be especially destructive in the 
counties bordering on the Thames and the Severn, and in Hampshire, 
Dorset, E. Devon, and the Isle of Wight. In Wales it has been noted 
as a pest from counties on the English border such as Glamorgan, 
Radnorshjre and Flintshire, and it has been recorded as doing damage 
in Ireland and Scotland. 
EXTEh’T OF DAMAGE. 
The following few quotations from published and unpublished 
correspondents’ reports will give some idea of the damage that may be 
caused by frit attacks. 
“-4 field planted in the autumn with two bushels per acre, BO entirely eaten the 
following spring as not to have left one healthy plant in a yard. They have robbed 
me of about fifteen bushels per acre on nearly fifty acres of fallow wheat.” (Creese, 
Teddington near Tewkesbury, vide Ormerod, Report for 1881.) 
“Nothing could have been more luxuriant t,han our Oat-crop a t  an early stage, 
but a t  present the whole aspect has changed, the fields being one mas8 of patches, 
getting worse and worse daily.” (Bulteel, Ivybridge, S. I)evon, vide Ormerod, Report 
for 1888.) 
“The crop [of oats1 came up and looked well until the latter part of Yay, what 
promised to be a heavy crop will only be a third.” (Stick, St Columb, Cornwall, 
vide Ormerod, Report for 1888.) 
“A very large area [of oats] in this part of the country has suffered.” “The crop 
is practically destroyed except for hay.” “The damage is quite appalling--90 of 
crop gone.” (McCracken, Royal Agricultural College, Cirencester, tide Ormerod, 
Report for 1888.) 
Letter from a Gloucestershire farmer in 1917: “Two of the [last] ten years 1 lost 
the entire crop. and the remaining eight I lost more than half, entirely through 
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Prit-fliy. . .the loss to the country I consider is very niuch greater than either ilnthrax, 
Sheep-Scab or Swine Fever. I n  1913, 1914 numhers of farmers in the district have 
turned stork into their oat fields just before harvest as they found it was not worth 
rutting.” 
Letter from a Wiltshirr farmer in 1917: “I have had niy crop [of oats] cleprwiated 
at  least n third on sevcral occasions in recent years, making a loss of 5320 on the 
oat-crop alone by Frit-fly, And the sample is always of an inferior quality which is 
much more noticeable in white oats.” 
“-411 growth practically stopped in a field of barley in Shropwhire sown May 4th.” 
(Roebuck, June 1917.) 
“Three acres of spring wheat in S. Shropshire totally destroyed by Frit-fly.” 
(Roebuck, July 1917.) 
“Spring wheat sown end of April totally destroyed in Radnorshire.” (Roebuck, 
July 1917.) 
“Winchcster, oats put in late, the whole would have been ploughed up but for 
clover, no oats at all.” (Theobald, June 1917.) 
‘Frit-fly attacks during the last five or six years have been so geiicral and de- 
structive in the county that many farmers have stopped growing the crop.” (Bland, 
June 1917.) 
In  addition to the damage to the young oat plants, subsequent 
damage to  the corn in the panicles is often very great, probably much 
greater than is generally realised. The following may be taken as a 
sample of the result of an attack of this nature: 
In  Wiltshire in 1917 five acres were sown a t  the end of April with 
Scotch seed of “Abundance” oat bought direct from Garton’s. The 
yield of this field was 40 sacks of corn, very light in weight. An examina- 
tion of an undressed sample of the corn gave the following result: 
No grain or very light 
Obvious frzt grain, probably, largely 
Graim examined darnage due to “frtt ” Sound wrn 
358 74 70 214 
The Returns published by the Board of Agriculture of the average 
yield of oats in EngIand for the years 1910-1915 are instructive because 
they include the year 1912 when frit-fly attacks were exceptionally 
bad (vide Journ. Board A y k .  Sept. 1912, p. 482) and a comparison 
may be made with other years when frit-fly damage was normal’. 
1 To arnve at the normal annual loss due to frit-fly one must take as a basis the 
average yield per acre of oats when free from frit-fly attacks, a figure difficult to arrive 
at as oats have been known to yield anytling up to 120 bushels per acre. A yield of 
00 bushels is considered by agricultural experts a satisfactory crop, and one of 80 bushels 
a very good crop. Taking 50 bushels per acre as a standard for England one arrives a t  an 
akcrage annual loss of about 8 bushels per acre for the ten years 190-1910, Ling eqtli- 
talent to 16 per cent. or nearly 15,000,OOO bushels per annum. 
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Average yield in bushels per acre of Oats in  England. 
1910 41.87 1913 38-50 
1911 39.03 1914 40.01 
1912 35-56 1915 40-52 
Average yield in England for ten years 1WoL-1910 = 42.07. 
Taking the ten year average to 1910 aa a basis it will be seen that 
in 1912 when frit-fly attacks were very bad the yield was reduced by no 
less than 63 bushels per acre and aa the acreage under oats that year 
was 1,865,569 this would represent a loas of 12,126,198 bushels. 
PLAhTS ATTACKED. 
Rye, oats, barley, wheat, maize, and various grasses (Bromus sp., 
Poa annua, Pat pratensis, Trilicurn repens, Triticum cristatum, Phleum 
prateme, Abpecurus p r a t e d ,  Milium effusum, h l i u m  perenne, Festuca 
pratensis, Avem Jlavescens, Arrhendherurn awmceum and its var. 
bulbosum). In England spring oats are chiefly attacked, though attacks 
have been recorded on winter oats. winter and spring wheat, barley, 
rye and grams. Attacks are most common (or most noticeable) on the 
young plants, and these plants must not be far advanced in growth 
(Ritzema Boa, 1891); but the larvae of the third brood will feed in the 
panicles of oats still hidden in the sheath (Board of Agric. Rep. on In j .  
Ins. i n  1892), or in the young corn in the panicle, more rarely so far as 
the British Isles are concerned in the ears of barley (vide under “Imago” 
aqd Theobald (1906), and Ted Book Agric. 2007,. 1899), while the only 
records traced of larvae living in the ears of wheat are the breeding of 
0. granarius from a wheat kernel by Curtia (Farm Insects) and Carpenter’s 
record (1909) of 0.f.d received “early in October from Queen’s Countp 
where they had been found on newly threshed wheat.” According to 
Ritzema Bos (Zeitschr. f. P&mmkr. I, 1891, p. 347) the females of the 
second brood will only lay their eggs on the blossoming oak, and 
when oats have been attacked in the spring the flies produced from the 
larvae making this attack are very rarely on the wing in time to find 
the oats in blossom, and consequently have to oviposit on wild grasees’. 
It would appear that the flies when able to choose between oats and 
barley prefer the oats, for Miss Ormerod in her Report for 1888 stated 
that where ‘ I  dredge corn ” (barley and oats mixed) is planted, the maggot 
This was not the case in experiments carried out by the Department in 1918, late 
sown oak growing in the aame field as those sown earlier being badly attacked both in 
the young plant and in the ripew grain. 
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will attack the oats and leave the barley; again, in the same Report, she 
quoted a letter to the effect that oats, drilled about the  middle of April 
on part of a field after roots fed off by sheep, were badly attacked; the 
other part of the field being planted with barley did not appear to have 
been attacked. The same discrimination on the part of the fly was 
noted in Part I1 of the Annual Report of Intelligence Division qf the 
Board of Agriculture (1911). Ritzema Bos (1894) quoted a case where 
it appeared that the fly preferred oats to wheat. 
On the Continent, the larvae appear to winter mainly in rye, but 
also in winter wheat and wild grasses (Baranov, 1914) or rye, wheat, 
and winter barley (Rorig, 1893); so far as England is concerned little 
information is available, but the larvae have been found in winter 
wheat (Ormerod, Report for 1881 , and Petherbridge, Ann. Appl. Biol. 
1917), winter oats (Ormerod, Report for 1889), rye (Roebuck in Zitt. 
1918), and in wild grasses, rye-grass, Avena Jlavescens and Arrhenatherum 
avenaceum (Edmunds, Rep. Harper Adams Agric. Coll. 1912). Winter 
wheat has also been known to be attacked in the spring, the flies 
hatching out a t  the end of June and beginning of July (Roebuck in litt. 
1918). 
XJMBER OF BROODS DURING THE YEAR. 
The majority of writers are satisfied that there are three broods. 
though some Russians consider there may be four or even five in S. 
Russia. In the laboratory a t  Kiev four generations were reared 
(Dobrovbliansky, 1915) as follows: 
Data when flies were Appearance of damage Apfearmce 
placed in insectary to plants o Imago 
1. May 9 May 29 June 13-23 
2. June 15 July 3 July 23 
3. July 24 Bug. 11 Aug. 27 
4. Bug. 28 Sept. 26 Oct. 16 (two flies only) 
Kulagin (1913) considered there to be three broods with smaller 
intermediate ones, a fourth brood being doubtful and only if weather con- 
ditions are favourable. Schesterikov (1910) stated that the appearance 
of the insect is governed by weather conditions. In the Board of 
Agriculture Report on insects injurious to crops in 1892 (London, 1893) 
it was suggested that there may be a constant succession of broods 
dependent upon the state of food plants and the weather, and this view 
would appear to be supported by the statements made by Baranov, 
Ritzema Bos, Rorig and Kuhn given a t  the end of the nest subheading. 
Probably the broods more and more overlap as the season advances. 
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TIMES OF APPEARANCE OF FLIES. 
Fiist Brood: March (Wilhelm, 1891, Germany) to  early June 
(Zetterstedt, Lappland and Baranov, 1912, Moscow). Widhalm (vide 
Kulagin, 1913, Russia) gives earliest appearance 28th March but more 
usually 14th April. The period of maximum emergence in England 
would appear to  be from middle of April to middle of May. 
Second Brood: Early in June (Wilhelm, 1891, Germany) to end of 
July (Dobrovliansky, 1913, Russia); according to  Kulagin, 1913 
(Russia), after the first summer rain in June. The period of maximum 
emergence in England would appear to be during July. Dobrovliansky 
(1913) wrote as follows concerning this brood: barley sown 21. v., first 
larvae observed 5. Ti., pupae 15. vi.. flies 6. vii.-2. viii. Petherbridge 
( in Zztt. 1918) states that he found swarms of the fly in an oat field on 
Third Brood: August (middle of Aupiist in many places in Russia) 
t o  October (Krassiltchik and Vitkovsky, 1913, Bessarabia; Ritzema Bos, 
1891, Holland), middle of October (Stornier and Kleine, 1911), but 
Widbalm (vide Kulnpin. 1913, Russia) gives the last appearance as usually 
end of October, sometimes as late as pu’ov. 14th. The period of maximum 
emergence in England would appear to be August and September, but 
in the case of wheat sown after rye-grass or Italian rye-grass the crop 
has been known to be attacked even when sown as late as November or 
earl?- December (Yetherbridge, November, 1917), apparently indicating 
the possibility of a migration of the lan-ae from the ploughed-in rye- 
glass to the young wheat plants (vide Fryer and Petherbridge, 1917) 
Dobrovliansky (191 3) gave the following sample of the life history of 
this brood: Oats sown 11. vii., larvae 23. vii., pupae 6. viii., flies 13. i?. 
Baranov (1912) found all stages (eggs to imago) on summer sown 
grain on June 27th. Ritzema Bos (1891) stated that  both pupae and 
flies are to  be found during nearly all the spring and summer, Rorig 
(1893) that the insect may be found in all stages a t  one and the same 
time on any occasion between spring and autumn, and Roebuck (in litt. 
1918) that he had no difficulty in finding larvae, pupae, and imagines 
from the end of April until September. Rorig (1893) recorded the breeding 
out of flies in December and January in a warm room. Kuhn (1893) 
collected infected plants on December 16th and kept them in a room 
when flies appeared in abundance a t  the end of January; other infected 
plants collected on January 26th produced flies in abundance at the 
end of February. Jiigner (1904) gave an account of a similar experiment ; 
Julv “st., 1912. 
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flies hatching out in January in a warm room were found to  copulate 
and when given fresh young plants, laid eggs which hatched in a few 
days. 
EGCS. 
In the autumn and spring the eggs are laid on the leaves of the 
youhg plants (preferably on the underside), or on the stem close to the 
ground, Kurdjumov (1913) said at  the level of the soil. Krassiltchik 
(19121) in Bessarabia found no eggs on the leaves but all on the young 
stems. Baranov (1912, Moscow) on the other hand found them mostly 
upon the upper side of the leaf near the stalk, or (1914) on both sides 
of the leaves, sometimes on the stalk near tillering knot. In the summer 
the eggs may be laid on the sheaths enclosing the ears, on the panicles 
of oats, the young corn af oats and barley, or on wild grasses. A female 
may lay from 20 (Lindeman, vide Kulagin, 1913) to 30 (Rorig, 1893) or 
according to Wahl (1914) 70 eggs; and the eggs take from three to 
seven days to hatch (three to four days, Wilhelm, 1891; three to seven 
days, Riirig, 1893; four days spring, seven days autumn, Baranov, 1914). 
According to Dobrovliansky (1915) the maximum number of eggs laid 
by a female in one day is six, and while in moist air and a high tempera- 
ture the eggs may hatch in three days, dry air will kill them. 
LARVAE. 
The young larva of the autumn and spring broods makes its way 
into the young stem and eats the tender central leaves and shoot, 
ultimately killing the shoot which in the meanwhile may produce side 
shoots. According to Krassiltchik and Vitkovsky (1913) the newly 
hatched larva may mine the leaf upon which it was laid very extensively 
before working its way into the stem. Several writers have noted that 
a larva can migrate from one shoot to another. Normally only one larva 
is present in each shoot, but as many as ten larvae have been found in 
a single plant. The summer larvae live in the summit of the stem, feeding 
upon the hidden ears or panicles, on the young corn in the ear or panicle, 
or in the stems of grasses. The spring and summer larvae may feed for 
14-15 days (Baranov, 1912), three weeks (Ritzema BOB, 1891), three to 
four weeks (Kulagin, 1913), or five weeks (Rorig, 1893), while the 
majority of writers are agreed that the autumn larvae normalry winter 
in that state and do not pupate until the early spring. Baranov (1912) 
gave the proportion of larvae to pupae found in the winter as 100 to 
10-15. Dobrovliansky (1913) found in the Government of Kiev that on 
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August 26th 10 per cent. of the young plants sprouting from fallen grain 
were infested with larvae; and that  on September 5th 20-26 per cent. 
of winter wheat plants were infested. 
PUPAE. 
The spring and autumn larvae leave the centre of the stem and 
pupate under the sheath of the outer leaves. Baranov (1912) says near 
roots, sometimes 1”-2” in the earth. Roebuck (in Zitt. 1918) states that 
on oats. he has invariably found the pupa of the spring brood under the 
sheath and between the first node and 14 inches above; in wheat how- 
ever the distribution was not so even-at first, second, or even third, 
node from ground and anywhere from the ligule to the node. The summer 
larvae pupate among the leaves surrounding the hidden ear or panicle, 
or in the grain itself or between the grain and the husk. The p u p  stage 
may last 8-14 days’ (8-10 days Taschenberg, 1879; 10-12 days 
Schesterikov, 1910, and Baranov, 1912; average 14 days Lindeman, 
vide Kulagin, 1913), the length of time being governed by the amount of 
moisture, the dryer the conditions the longer the period (Dobrovlianrjky, 
1915). Experiments made by Krassiltchik and Vitkovsky (1913) proved 
that flies were capable of getting through 7”-9” of rammed wet earth 
upon emergence from pupae buried a t  that depth. 
IMAGO. 
According to Kulagin (1913) Kurdjumov in Russia found that the 
male lives a very short time, often dying the same day; a female lived 
for two weeks in captivity, and he estimated its life when free a t  about 
a month, but Kurdjumov (1913) himself stated that he found the 
length of the life of the adult to be two to  three months (under excep- 
tionaIly favourable circumstances five months), and Dobrovliansky 
(1915) gave the length of the life of the male in captivity as about a 
month, while four females lived 74, 55, 45 and 63 days respectively, and 
the period during which they oviposited was 24-36 days. Most writers 
refer to  the short hopping flight of the insect. 
The appearance in immense numbers of the flies from grains threshed 
a t  harvest has been several times recorded. 
“ From oats threshed in the field and stored in bulk in loft” (England, 
Westwood, 1881). 
Compare also Dohrorliansky’s ample life histories of second .and third broods given 
under the subheading “ Times of appearance of Flies.” 
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Oats drilled April 1st on late folded land, threshed in August and 
found very light in weight (32Ibs. per bushel). Innumerable flies 
swarmed a few days later in g ranag  where corn was stored ” (England, 
Theobald, 1906). 
“Large numbers of flies bred from store of threshed oats a t  Poltava ” 
(Russia, Vassiliev,. 1908). 
“ In  swarms in an outbuilding this autumn (1881), in the lofts of 
which newly threshed barley had been stored” (Meade in. Zitt. 1881, 
Ormerod, Report for 1881). 
‘(Found in great numbers in a loft in DorsetRhire where barley had 
been stored” (Fitch, Proc. Ent. Soc. Lond. 1881). 
‘ I  A number of these little flies were sent t o  me some years ago by the 
Rev. 0. Pickard-Cambridge, which he had found in a granary in Dorset- 
shire in which (I think he Raid) barley had been stored ” (Meade, Ent. 
M. Mag. 1899, p. 103). It is possible that  these three last references 
iefer to  one and the same case. 
SYEOAXMS AND VARIETIES. 
The original description of Oscinis frit was made from specimens 
bred from the ears of barley. Musca horde; Bjerk. was bred from rye 
and subsequently considered hy Bjerkander himself to be a synonym 
of frit. Mzisccc aeerme Bjerk. was bred from the stems and panicles of 
oats. Oscinis eczstator Curtis from young wheat plants sent to  Curtis 
towards the end of June. Oscinis granariiis Curtis was bred from a 
grain of wheat. Of these granarius was distinguished by Curtis by having 
the tibiae black with only the tip of the intermediate tibiae (front pair 
missing in type specimen) yellowish, 0. vastator by having the base as 
well as the tip of the four anterior tibiae ferrugineous. Specimens bred 
from oats threshed early and stored in a loft were described by Westwood 
as having the legs uniformly black, and these he considered to  be identical 
with avenue Bjerk. and atriciitlu Zett: Oscinis pusilkz Me. has been 
recorded as living in cereal crops, but the 0. pusillu of Wilhelm which 
he called the “Oat-fly ” and which attacked the oats in the panicles in 
its summer generation, and was described by him as having the tibiae 
of only the front legs a little paler, the others dark as the femora, is 
certainly not the same species as Meigen’s. True 0. pusilla Mg. has the 
four anterior tibiae entirely yellowish 
Very little information is arailable as to whether different variet.ies 
are responsible for the attack on different plants or different parts of the 
same plant; the variety pzrsilla, however, has been noted by different 
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writers on the Continent as attacking only rye in the winter generation 
and only the panicles of oats in the Bummer generation, whereas these 
generations of frit are recorded as not being so particnlar as to the object 
attacked. 
PARASITES. 
Sigalphus caudatus (Curtis, 1860) ; Pteronmlus puparum, P.micans, and 
Sigalphus caudatus (Rorig, 1893) ; Rhoptomeris wildhami Kour. and 
Trichomanus cristatus Forst. (Raranov, 1912) ; Polyscytus oscinidis Kurd. 
sp. n. (Mokrzecki, 1913) ; Mersius intermedius and 8emiotellus n $ & p  
Lindm. (Wilhelm, 1891) ; Miris dolobratus and Pteromalus micans 
(Schesterikov, 1910) ; Coccinellidae destroy the larvae (Wilhelm, 1891, 
Rorig, 1893 and Schesterikov, 191 0), and an unclassified entomophagous 
fungus kills considerable numbers (Schesterikov, 1910). 
Dobrovliansky (1913) found that in barley sown on May 21st in 
the Government of-Kiev, 21 per cent. of the pupae of frit were parasitised, 
and on oats sown July 11th 16 per cent. of the pupae were parasitised. 
RESISTANCE TO ATTACK OF DIFFERENT VARIETIES OF CORN. 
Very indefinite conclusions have been arrived a t  on this point. 
Kulagin (1913, Russia) recorded “Triumph” oats and naked barleys 
as suffering most. Rorig (1893, Germany) said that experiments appar- 
ently showed that ‘ I  Triumph ” and other “bearded oats” (Fuhnenhufer) 
were less attacked. Aurivillius (1892, Sweden) came to the conclusiori 
that “six-rowed” barleys were much more liable to attack than “two- 
rowed” barleys. McDougall(l912) found that in Scotland “Hamilton ” 
and “Potato” oats were least damaged, followed by “Sandy,” “Wide- 
Awake” and “Abundance,” while “Tartar King,” “Beseler ” and 
I ‘  Banner ” were very badly attacked ; this would appear to support the 
view that those oats that tiller freely arc better able to stand against 
attacks of frit-fly than those that do not. 
In the Report on the breaking up of grass land in 1916-1 7, published 
by the Board of Agriculture m 1917 as Miscellaneous Publications, 
No. 19, a cane is recorded fromyorkshire where two variclties,“Bountiful” 
and “Beseler’s Prolific,” were sown in April on a ten acre field which 
had been broken up in February. “Bountiful” provided an excellent 
crop of 7 qn. per acre, but “Beseler’s Prolific” sufiered greatly from 
frit-fly and was a much lighter crop. 
Ritzema Bos (1894) recorded some observations on a number of 
varieties in Holland in which he found that “Longfellow,” “White 
Canadian,” “Black Canadian ” and ‘I Early Blossom’’ exhibited con- 
siderable powers of resistance. 
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CONDITIONS FAVOURABLE TO AN ATTACK. 
It is the universal opinion that late sown spring crops are most 
affected, and the evidence of many cases submitted to  the Board of 
Agriculture strongly supports this opinion. The date of the commence- 
ment of the dangerous period is probably dependent upon weather 
conditions and would therefore be best indicated by association with 
some natural phenomena also governed by the same conditions. Past 
experience has tended to  show’that spring corn sown before the end 
of March is usually not attacked; occasionally i t  may be safe to sow up 
to the middle of April on a good tilth, biit after that date an attack 
is very probable in frit-infested districts. Professor M‘Cracken of the 
Royal Agricultural College, Cirencester, writing to  Miss Ormerod in 
1889 (Ormerod, Report, for 1889), stated that “Black Tartarian Oats 
sown on March 29th enjoyed almost complete immunity from attack; 
in another field sown on April 29th, over 70 yo of the first stems were 
destroyed” ; while in the Aniiuol Report of the Intelligence L X t ~ k W ~ ~ ,  Part  
11, piiblished by the Board of Agriculture in 1911, i t  was stated that 
crops sown early in March have been known to escape when others 
sown late in March were infested. In  a Report on the breaking up of 
Grass Land in England and Wales in the Harvest Year 1916-17, pub- 
lished by the Board of Agriculture and Fisheries as Miscellaneous 
Publications, No. 19, in 1917, i t  i s  stated that “Frit flies are most 
troublesome in the case of crops sown in mid-season. Oats sown before 
March 15th and after April 15th may escape when crops sown between 
these dates may be destroyed.’’ No authority for the statement that 
oats sown after April 15th may escape can be traced, while this statement 
is certainly in opposition to the expressed views of all economic entomo- 
logists in this country. Reports of bad frit-fly attacks on crops “after 
grass” were frequently received in 1917, and it is worthy of note that in 
Canada grasslands ploughed late in autumn or in spring are stated to  
be attacked the worst (Griddle, 1916). 
Enquiries instituted by the Board of Agriculture in 1909-10 and 
published in Part I1 of the Annual Report of the Intelligence Dicisioia in 
1911 appeared to  show that late sown oats following roots fed by sheep, 
when the fields were only once ploughed and not much cultivated, were 
most attacked. Ornierod (Report for 1881) noted attacks on wheat on 
land fallowed the previous year, no attacks where land ploughed first 
time in autumn. Pitch (1881) stated that  wheat after a whole summer’s 
fallow was almost invariably attacked. It must be remembered that in 
some of these cases of attacks on wheat the real cause of the damage may 
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have been Hylemyia coarctutu, the damage by this insect and by Oscinia 
frit often being confused (wide Wahl, 1914 and Dafert and Kornauth, 
1914). It has been noted that on a field of wheat after Italian rye-grass 
and clover, where it was ploughed in July, bastard fallowed, and drilled 
on October 3rd, there was no frit attack; while another part of the same 
field where the grass and clover crop was fed off by sheep, ploughed on 
October 1st and drilled on October 3rd: 10 per cent. of the wheat plants 
were attacked (Petherbridge, November, 1917). On the Continent, in 
addition to  late sown spring crops on newly broken land, spring corn 
planted next t o  winter rye is almost always attacked, the attack spread- 
ing from the rye in parallel lines or concentric circles (Cohn, 1869). 
POSSIBILITY OF INFECTIOK FROM IhTESTED SEEDS. 
Those larvae attacking the grain of oats in the panicles, often pupate 
within the husk of the oat and remain in the corn after i t  is threshed; 
the .flies normally emerge during August and September and several 
records of the occurrence of swarms on oats threshed early in August 
have been noted (vide under “Imago ”). In  order to  account for infection 
from the seed it would appear necessary for there to  be either (1) deferred 
emergence on the part of some of the flies from pupae in the grain, or 
(2) oviposition on the corn by the females of the emerging flies, with the 
larvae hatching out after the corn is planted. Neither of these supposi- 
tions appears very probable, but attention has been called to this possible 
source of infection by Mies Ormerod in 1889, by the author of an article 
in the Journal of the Board of Agriculture for September, 1901, and by 
Kulagin (1913) in Russia; while quite recently (1917) in England 
observations have been made in districts where frit-jlq is very prevalent 
that  when seed from districts where oats do not suffer to  the same 
extent from the fly has been used, the crops in some cases have not been 
seriously attacked, and that  where seed has been dressed with corvusine, 
seedolin, or sulphate of copper, the crops have been fairly free from 
attack (Bland, July, 1917). Moreover, in an experiment in which seed 
from a badly attacked field was sown under a fine mesh muslin frame 
bhich seemed to  be impervious to the flies, an examination of half 
the plants a t  the end of June brought to  light two frit larvae (Roebuck, 
Shropshire, 1917 in Zitt.). 
REMEDIES. 
Spring sowings should be as early as possible, and the early growth 
stimulated in order that  the young plants may be as forward as possible 
a t  the time of appearance of the first brood of flies, for then the small 
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weak side shoots only will be attacked. The best time for this sowing 
probably varies according to the season, but crops sown in March (the 
earlier the better) usually enjoy immunity from attack. It must be re- 
membered, however, that early sowing on a bad tilth or too early sowing, 
with damage from frost, may result in a more backward plant than some- 
what later sowing. Sulphate of ammonia and sodium nitrate appear to 
be two of the best top dressings for young oats, and in regard to these it 
has been specially noted in the Oxford district (Bland, July, 1917) that 
sodium nitrate, applied as soon as the oats are through, gave better 
results in a dry season than sulphate of ammonia applied when oats 
were drilled. 
Vaesifiev (1914) has recorded some of the results of experiments made 
in 1911 in the Government of Petrograd on &he effect of manim on the 
yield of frd infested oats in a table asfollows: 
Manures 
unmanured ... ... 
Superphosphate . . . . . . 
Supe~hosphate and Pot- 
ash . . . . . - . . . 
Sodium nitrate and super- 
phosphate ... ... 
Sodium nitrate, super- 
phosphate and potash 
Percentage 
attacked 
No. 1 No. 2 
46 41 
33 35 
40 52 
32 39 
40 43 
of plants 
Pemntage 
of plants 
not produc- 
ing normal 
grain 
No. 1 No. 2 
48 49 
32 29 
26 46 
17 15 
11 24 
Pmntaage 
killed 
No. 1 No. 2 
22 20 
11 10 
LO 24 
6 6  
4 10 
of plants 
Yield per 
de&atine 
(=2.7 wm) 
No. 1 No. 2 
116 68 
125 77 
142 66 
158 96 
168 112 
The important facts may be shortly summarised as follows: 
Percentage of infected plante on all plots ... ... ... ... ... ... 40 
Pemtage  of plants completely killed on unmanured plots ... ... ... 21 
Percentage of plants Billed on plots manured with auperphaphate at rate of 
Percentage of plants on unmanured plots not producing normal grain . . . 
On plots manured with auperphosphate and sodium nitrate WJ above the per- 
centage of plants not producing normal grain reduced to ... ... ... 16 
The addition of potaah at rate of 80 Ibs. per =re to above manures, in one c888 
reduced the percentage of plants not producing normal grain to ... ... 11 
Jncrease in yield 37 yo in one case, 65 yo in' another. 
He found that oats damaged by frit when manured with eodium 
nitrate tillered well, producing new shoots which ripened a t  the normal 
time, and came to the conclusion that damage caused by anything up 
to 40 per cent. of fri t  infestation could be reduced to practically nil if 
proper manures were used under suitable conditions. 
about 267 Ibs. per acre and sodium nitrate SO lbe. per acre .. . ... -.. Sg 
. . . 48) 
Spring sowing should be avbided. when possible, on or near fields 
which were attacked in tlie previoiis year. With regard to the seed, 
early varieties, and such as are best suited to the soil and locality, 
shouid be chosen. 
In 1917 in the fril-infested county of Oxfordshire i t  was found that 
the best time to roll the fields sown n-ith spring oats was immediately 
after the seed had been drilled, or a t  least before the young plants were 
through the ground ; oats rolled later, probably owing to  the check in 
their growth, were more severely attacked (Bland, July, 1917). 
Rorig (1893) recommended that a forage crop should not be sown 
with oats or barley on a field that had been affected, but  this advice 
was directed to  continental farmers. It would appear that grass layers 
or newly eultivated grass or waste-land should be ploughed early in 
the summer and bastard fallowed before planting with winter wheat 
(Petherbridge, November, 1917). It should be remembered that on a 
field which has been attacked and the crop harvested, the grasses and 
young plants growing from the shelled-out corn are probably badly 
infested ; these should therefore be ploughed up early. 
Kulagin ( I  913) mentioned an experiment recorded by Lindeman 
(Russia) in which a field was sown with rye on August 10th next to a 
badlv infested crop of oats; in the ordinary course the complete destruc- 
tion of the rye would have been certain, but on August 13th (before 
the rye had sprouted) the oat field was ploughed up; with a result far 
exceeding expectations, there being no subsequent damage to  the rye. 
Fields shonld be kept clean of grass, and the destruction of grass borders 
round fields, and grass edgings to  field roads has been recommended. 
OBSERVATIORTS. 
This summary must not be accepted as complete, as many observa- 
tions may have been overlooked, and the publications in which some 
are recorded have been inaccessible; also it naturally contains many 
conflicting and probably often inaccurate statements, and impracticable 
advice. but i t  shonld prove of some value to those who are working, or 
about to  work, a t  the frit-fly problem. 
There are still very many points in the bionomics of the frit-fly 
requirinp elucidation, and a very large amount of experimental work to 
be done, before the efficient control of this pest can be assured ; moreover, 
research and experimental work undertaken in (say) Russia cannot be 
relied upon as giving correct data for England. The climatic conditions 
and the agricultural methods differ so much in different countries, that 
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it is quite possible the life history of the fly will be found to  be more or 
less modified; for the same reasons, experimental work in controlling 
the pest may be found successful in one country, but fail in another. 
It is remarkable that no definite experiments, beyond those of 
Krassiltchik and Vitkovsky mentioned under “ Pupae,” appear to have 
been made as to  how far the fly can be controlled by being buried under 
the ground in its earlier stages, especially as to  whether the larva can 
complete its feeding and pupate after the affected plant has been 
ploughed in. 
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